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Description 
PHOTORESIST COATING SYSTEM 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a photoresist coating sys- 
tem applied in photolithography processes, and more 
particularly, to a photoresist coating system having a 
cooling system and a heating system to preserve photore- 
sist solution not used yet at a low temperature to avoid 
undergoing a chemical change and to heat transferred 
photoresist solution to a room temperature at any time to 
supply a production line. 

[0003] 2. Description of the Prior Art 

[0004] A photolithography process is utilized very extensively. 
When fabricating devices, such as semiconductor devices, 
opto-electronics devices, etc., the photolithography pro- 
cess is utilized to transfer electronic components and cir- 
cuits, in a layer upon layer manner, to a substrate includ- 
ing a wafer or a plastic substrate. Generally speaking, a 



photolithography process includes three fundamental 
steps: photoresist coating, exposure, and development. 
The photoresist solution is in a liquid form because there 
is solvent in the photoresist solution. Therefore, a high 
speed spinning method is usually utilized in the photore- 
sist coating process to generate a centrifugal force such 
that the photoresist solution is evenly coated on the sub- 
strate. The photoresist layer formed on the surface of the 
substrate is thus expected to have a good thickness uni- 
formity, good adhesion, and no defects. In addition, the 
quality of the formed photoresist layer is not only related 
to the viscosity of the photoresist solution, but also is re- 
lated to other factors, such as the spinning speed, the 
temperature of the photoresist solution, the humidity, and 
exhaust air rate. 
[0005] Please refer to Fig.l and Fig. 2. Fig.l is a structural 

schematic diagram of a prior art photoresist coating sys- 
tem 10. Fig. 2 is a viscosity of photoresist solution-storage 
time curve at different temperatures. In order to fulfill the 
requirements of different processes, two different pho- 
toresist solutions are usually positioned in the photoresist 
coating system 10 that is very frequently used in pho- 
tolithography processes, as shown in Fig.l. The two pho- 



toresist solutions are thus switchable at any time. Under 
tlie circumstances, tlie prior art pliotoresist coating sys- 
tem 10 mainly comprise a chemical tank 12 for position- 
ing two photoresist bottles 13, 14 and a dispense pump 
20. The photoresist bottles 13, 14 are used for storing 
photoresist solutions 15, 16 required by different pro- 
cesses, respectively. The dispense pump 20, utilizing the 
principle of draining and pushing, drains the photoresist 
solutions 15, 16 in the photoresist bottles 13, 14, and 
then the photoresist solutions 15, 16 are pushed to a gy- 
rate system 24 by a nozzle 22 to perform the photoresist 
coating process. Typically, the gyrate system 24 com- 
prises a substrate 26, a chuck 28replaceabledepending on 
a diameter of the substrate 26, a chuck holder 29, and a 
spindle motor electrically connected to a velocity genera- 
tor (both are not shown in Fig.l) for providing the motive 
power for high speed spinning. 
[0006] The working principle of the prior art photoresist coating 
system 10 is to position the substrate 26, to be coated 
with a photoresist layer, on the chuck 28 first. By utilizing 
the negative pressure generated by the dispense pump 
20, the photoresist solution 15 in the photoresist bottle 
13 or the photoresist solution 16 in the photoresist bottle 



14 is drained, depending on tlie requirement of tlie pro- 
cess. Tlie photoresist solution 15 or tlie photoresist solu- 
tion 16 is delivered through pipes 18. After that, the 
pushing working principle, which is based on the positive 
pressure generated by the dispense pump 20, is utilized 
by the dispense pump 20. The drained photoresist solu- 
tion 15 or the photoresist solution 16 is thus dropped to a 
surface of the substrate 26 through the nozzle 22. At the 
same time, the gyrate system 24 spins at a high speed so 
that a photoresist layer (not shown in Fig.l) is evenly 
coated on the surface of the substrate 26. 
[0007] It js worth noting that the photoresist solutions which are 
frequently used are mostly organic photoresist solutions. 
An organic photoresist solution is characterized by having 
an optimal viscosity to fulfill the requirements of a pro- 
duction line when the organic photoresist solution is pre- 
served at approximately 5°C. As shown in Fig. 2, the pho- 
toresist solution that is not used yet cannot be kept in a 
low temperature state since there is not a design of tem- 
perature control in the prior art photoresist coating sys- 
tem 10. When the solvent in the photoresist solution is 
more volatile or the photoresist solution is not stable, the 
viscosity of the photoresist solution will be increased from 



27cps to 29.5cps after the photoresist solution is stored 
at room temperature (approximately ZSX) for a period of 
time (for example: 40 days). If the photoresist solution is 
stored in a frozen environment (approximately -IS'C) for 
about 40 days, the change of the viscosity of the photore- 
sist solution is smaller. However, the viscosity of the pho- 
toresist solution is affected when the photoresist solution 
is stored in the frozen environment too long. Only when 
the photoresist solution is stored at an environment at 
approximately S°C can the photoresist solution be stored 
for more than 120 days without affecting the viscosity of 
the photoresist solution. 
[0008] When the viscosity of the photoresist solution changes too 
much, the photoresist solution will undergo a chemical 
change, leading to obvious impact on the film thickness 
and the uniformity of the formed photoresist layer. If the 
photoresist layer having a poor film thickness uniformity 
is utilized to perform the photolithography process, the 
critical dimension (CD) of the semiconductor device or the 
opto-electronics device is seriously affected. The produc- 
tion yield is thus lowered. In addition, when the photore- 
sist solution is positioned in the photoresist bottle for too 
long a period of time (that means the photoresist solution 



has been stored at room temperature longer than a pre- 
determined period of time), or when the photoresist solu- 
tion needs to be replaced by another photoresist solution 
due to process change, the photoresist solution undergo- 
ing a chemical change needs to be removed. Since the 
price of the photoresist solution is very expensive, the 
process cost is increased. Furthermore, time is wasted be- 
cause the process cannot be switched right away. 
Summary of Invention 

[0009] It is therefore a primary objective of the claimed invention 
to provide a photoresist coating system having a cooling 
system and a heating system to control a temperature of 
photoresist solution so that a photoresist spin coating 
process can be performed successfully. 

[0010] According to the claimed invention, a photoresist coating 
system is provided. The photoresist coating system com- 
prises a chemical tank, a cooling system, a heating sys- 
tem, and an automatic photoresist feed system. The 
chemical tank is used for positioning at least one pho- 
toresist bottle. The photoresist bottle is used for storing 
photoresist solution supplied to the photoresist coating 
system. The cooling system is used for chilling the pho- 
toresist solution in the photoresist bottle so as to keep 



the photoresist solution in the photoresist bottle at a low 
temperature. The heating system is used for heating the 
photoresist solution transferred from the photoresist bot- 
tle to an adequate temperature. The automatic photoresist 
feed system is used for draining and delivering the pho- 
toresist solution. 

[oo^^] since the present invention photoresist coating system 
comprises a cooling system and a heating system, the 
photoresist solutions not used yet can be kept at a low 
temperature to prolong the storage time of the photore- 
sist solutions. Moreover, the temperature of the photore- 
sist solutions transferred from the photoresist bottles can 
be increased to room temperature to allow the photoresist 
solutions to be switched at any time. As a result, the 
present invention photoresist coating system not only 
shortens the time required for switching photoresist solu- 
tions when the process is changed, but also obviously de- 
creases the amount of the photoresist solutions used. The 
processing cost is thus reduced. 

[0012] These and other objectives of the claimed invention will 
become obvious to those of ordinary skill in the art after 
having read the following detailed description of the pre- 
ferred embodiment that is illustrated in the various fig- 



ures and drawings. 
Brief Description of Drawings 



[0013] Fig.l is a structural scliematic diagram of a prior art plio- 
toresist coating system. 

[0014] Fig. 2 is a viscosity of pliotoresist solution -storage time 
curve at different temperatures. 

[0015] Fig. 3 is a structural schematic diagram of a present inven- 
tion photoresist coating system. 
Detailed Description 

[0016] Please refer to Fig. 3. Fig. 3 is a structural schematic dia- 
gram of a present invention photoresist coating system 
30. As shown in Fig. 3, the present invention photoresist 
coating system 30 mainly comprises a chemical tank 32 
for positioning a plurality of photoresist bottles, depend- 
ing on the requirements of processes. In a preferred em- 
bodiment of the present invention, two photoresist bottles 
33, 34 are taken as an example for illustration. The pho- 
toresist bottles 33, 34 are respectively used for storing 
photoresist solutions 35, 36 supplied to the photoresist 
coating system 30. The photoresist coating system 30 
further comprises a cooling system 40 for chilling the 
photoresist solutions 35, 36 in the photoresist bottles 33, 



34, a heating system 42 for heating the photoresist solu- 
tions 35, 36 transferred from the photoresist bottles 33, 
34, an automatic photoresist feed system 45 for draining 
and delivering the photoresist solutions 35, 36, and a gy- 
rate system 52 for positioning a substrate 51 and control- 
ling the rotation of the substrate 51. 
[0017] jhe present invention automatic photoresist feed system 
45 further comprises a draining and pushing device 44 
that utilizes the principle of draining and pushing to drain 
and push the photoresist solutions 35, 36 in the photore- 
sist bottles 33, 34. For example: nitrogen or dry air is 
supplied to pressurize to drain and push the photoresist 
solutions 35, 36 in the photoresist bottles 33, 34. The au- 
tomatic photoresist feed system 45 also comprises a pho- 
toresist filter 46 having a exhaust 48 for emitting the im- 
purities in the photoresist solution 35 and the photoresist 
solution 36, and a nozzle 50 for dropping the photoresist 
solutions 35, 36 to the gyrate system 52. In addition, the 
present invention gyrate system 52 further comprises a 
substrate 51, a chuck 53 replaceable depending on a di- 
ameter of the substrate 51, a chuck holder 54, a spindle 
motor electrically connected to a velocity generator (both 
are not shown in Fig. 3) for providing the electrical power 



for spinning, and a gas transferring and exhausting sys- 
tem 56 for conducting air to the photoresist coating sys- 
tem 30 and distributing air to a surface of the substrate 
51. In addition, the gas transferring and exhausting sys- 
tem 56 also exhausts the air flowing through the surface 
of the substrate 51. Under the circumstances, the process 
is benefited to obtain the photoresist layer having a good 
film thickness uniformity. 
[0018] It is worth noting that the present invention cooling sys- 
tem 40 can chill the photoresist solutions 35, 36 in the 
photoresist bottles 33, 34 with any method. For example, 
the cooling system 40 may be a water cooled cooling sys- 
tem and mainly comprises a coolant, a water jacket, a wa- 
ter pump, a water tank, or a thermostat (all are not shown 
in Fig. 3). By circulating the coolant, the extra heat is 
transferred to the outside of the chemical tank 32 so that 
the photoresist solutions 35, 36 not used are kept at a 
low temperature, such as between -5^ and -ZO'C. Simi- 
larly, the present invention heating system 42 may be any 
type of heater. For example, the heating system 42 may 
be a heat exchanger to heat the photoresist solutions 35, 
36 originally at a low temperature to room temperature, 
such as between 20°C and 25°C, to allow the process to be 



performed successfully. However, the number of the heat 
exchangers is dependent on temperature rise rate. Fur- 
thermore, the present invention photoresist coating sys- 
tem 30 further comprises at least one temperature sensor 
(not shown in Fig. 3) for detecting a temperature of the 
photoresist solutions 35, 36, and a control circuit (not 
shown in Fig. 3) electrically connected to the temperature 
sensor, the cooling system 40, and the heating system 42 
for temperature controlling. 
[0019] Please refer to Fig. 3 again. The present invention pho- 
toresist coating system 30 further comprises two sensors 
37, 38 and a bubble trap tank 60. The sensors 37, 38 are 
used for detecting an amount of the photoresist solutions 
35, 36 in the photoresist bottles 33, 34, respectively. In 
other words, the sensors 37, 38 are used for detecting 
whether the photoresist solutions 35, 36 are used up or 
not. The bubble trap tank 60 has an exhaust 62 for re- 
leasing air such that air in the empty photoresist bottles 
does not remain in the pipes of the photoresist coating 
system 30 when the photoresist solutions are used up and 
the photoresist bottles need to be replaced. In addition, 
the bubble trap tank 60 is also used for collecting bubbles 
in the photoresist solutions 



[0020] jhe working principle of tlie present invention photoresist 
coating system 30 is to utilize the draining and pushing 
device 44 to drain the photoresist solution 35 in the pho- 
toresist bottle 33 or the photoresist solution 36 in the 
photoresist bottle 34 first. Since there is the cooling sys- 
tem 40 in the present invention photoresist coating sys- 
tem 30, the photoresist solutions 35, 36 not used can be 
stored at a low temperature to allow the photoresist solu- 
tions 35, 36 to be properly stored. When the photoresist 
solution 35 in the photoresist bottle 33 or the photoresist 
solution 36 in the photoresist bottle 34 is drained up, in 
other words before replacing the photoresist bottles 33 or 
the photoresist bottle 34, the sensors 37 or the sensor 38 
will sense the air drained from the photoresist bottles 33 
or the photoresist bottle 34 and transfer a disable signal 
to the photoresist coating system 30. At this time, a valve 
taking charge of the exhaust 62 of the bubble trap tank 
60 is opened to release the air drained to the sensors 37 
or the sensor 38. The photoresist bottle 33 or the pho- 
toresist bottle 34 may be replaced after the disable signal 
is transferred to the photoresist coating system 30, or af- 
ter the air drained to the sensor 37 or the sensor 38 is re- 
leased. Then, the draining and pushing device 44 drains 



the photoresist solution 35 in the photoresist bottle 33 or 
the photoresist solution 36 in the photoresist bottle 34 to 
the heating system 42 to allow the photoresist solution 35 
in the photoresist bottle 33 or the photoresist solution 36 
in the photoresist bottle 34 to be heated to room temper- 
ature. After that, the draining and pushing device 44 uti- 
lizes the working principle of pushing to filter the drained 
photoresist solution 35 or the photoresist solution 36 
through the photoresist filter 46. The impurities in the 
photoresist solution 35 or the photoresist solution 36 are 
thus emitted out from the exhaust 48. The photoresist 
solution 35 or the photoresist solution 36 is dropped to 
the surface of the substrate 51 through the nozzle 50. At 
the same time, the gyrate system 52 spins at a high speed 
so that a photoresist layer (not shown in Fig. 3) is evenly 
coated on the surface of the substrate 51. 
[0021] It is worth noting that the present invention photoresist 
coating system 30 may further comprise a waste collect- 
ing system and a deflector (not shown in Fig. 3) for re- 
claiming the extra sprayed photoresist solution when the 
gyrate system 52 is rotating during the spinning coating 
process, and for preventing the photoresist solution from 
sputtering back to the surface of the substrate 51. In ad- 



dition, a slight amount of nitrogen is pumped to the in- 
side of the chemical tank 32 from a nitrogen storage tank 
64 to prevent dew from forming on the surface of the 
chemical tank 32. 

[0022] Compared with the prior art photoresist coating system, 
the present invention photoresist coating system com- 
prises a cooling system and a heating system. Therefore, 
the photoresist solutions not used can be stored at a low 
temperature to ensure that the quality of the photoresist 
solutions are very stable and the solvents in the photore- 
sist solutions are less volatile. Not only is the storage time 
prolonged, but also the temperature of the photoresist 
solutions transferred from the photoresist bottles can be 
increased to room temperature at any time to supply the 
spinning coating process. As a result, the present inven- 
tion photoresist coating system can avoid the problem of 
photoresist solution waste when one process is switched 
to another process. The processing cost is thus reduced. 
Furthermore, different photoresist solutions are switched 
at any time to shorten the time required for switching 
photoresist solutions, leading to convenience when per- 
forming the related processes. 

[0023] Those skilled in the art will readily observe that numerous 



modifications and alterations of the device may be made 
wliile retaining the teaching of the invention. Accordingly, 
the above disclosure should be construed as limited only 
by the metes and bounds of the appended claims. 



